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Suggestion for Increasing the 
ijtai of Minorities in Scientific Research 
> • ' by * , 

Luis Ortiz-Fra/ico ^ 
Abstract . 



This article suggests a mathematics/sfience intervention, program for pre-coll^ge 
minority students (Chipanos and -American Indians) . The suggestion, is based on the 
experiences of intervention programs des/gned to 'increase the participation of non- 
minority underrepr^&ented groups in mat«matics related careers. It is proposed that in 
order to maximize tjhe effectiveness of the intervention program activities aimed at 
impacting teachers* counselors, parent/; students , and trie schoo'l curriculum should ■ 
be undertaken on d sustained .basis tot a long period of time* Th^ involvement of 
the local community and industry is ^necessary ingredient" for f increasing «the 
effectivity of thgeSe efforts. Also Recommended is the inclusion of ^ sounds 
evaluation program v in order to systematically identify the successful activities 
which can or cannot be duplicated 'iiA/oAer geographical localities. / 
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* Luis Ortiz-Franco ^ 
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V " • 

Int rpduct ion ~" , * 

Survey studies sponsored by the National Science Foundation (1977, 108O(ah 

and 1980(b)) and the^ational Academy "of Sciences (1978, 1979, and 1980) have 

i t * 

amply documfented ^h^ underrepresentatioh of minorities and womjn in science careers. 

These findings promoted studies investigating the reasons for this underrepr esentat ion. 

^ V 
Perhaps due to question?* of * race and class, the situation of white. women has received 

.. 1 ' 

heretofore more attention than that >6f minorities of both sexes (white middle and 

upper-clasd researchers fotus their attention on white middle and upper-class 

students at the exclusion of /minority students of sny economic class). A result of 
* <• * • « * ' 

this pattern has befen the undertaking of more research projects and intervention 
programs addressing issues concerning the pursuit of mathematics related .careers < 
by women (Blum and Givant , 1980; Parsons, 1980; ,Casserly 1975 and 1979; Starlings, 1979; 
El ias, 1980; WeisS, Place, and Conway, 1978; Strdup and Jasnoski, 1975;Fuchs, 
WeissJ>rod and Yates, 1978; Bennett^ 1976; and'Sullivan and'Skanes* 1974) than studies^ 
investigating the pursuit of similar careers "by minorities '{MacCorquodal e 19j80(a) and 
1980(b); and Sailings, 1980). 
^ However Jnexplored the area of mihofHtiee in science related careers may be, 

.+ ' 

some of the results from studied with white women caij be extrapolated and serve afe 

the frpsis for- conjectures pertaining to minorities o£ both sexes* There is room to 

learn from the experiences of these efforts even though they-have excluded minorities*. 

^ For instance, some intervention programs invo lying white wo«en have revealed that 

one fime shot^ conferences or short term activities arfe virtually ineffective in 

produl^ng long term results. Also, and more Important the collective experiences 

* « 

of .the different intervention programs syggest that a multi^pronged approach is more 



►effective than a uni-pronged one. Thud, it se*ms unrealistic to expect that one 



v 



fcshot • conferences, short term activities, and uni-prdnged approaches can be effective 

an'd^produce long lasting ejects for minorities. ^ 
" ' f • 

The purpose of this paper is to suggest, aiy intervention program for minorities 
aimed at^'increasing- their participation in science related careers in general, and 
ill biomedical scientific research in particular. The suggestion is grounded 01^ 
findings from the literature describing empirical research studies that investigate 
the variables affecting* the -enrollment of women in mathematics /courses^ and 
intervention pjograms^ designed ^jo increase the participation of womejti in mathematics 
related careers. * * ^> * ■ 1 

Background . 

. Since mathematics is ubiquitcnj^^ir^scientif ic research, a strong preparation 
iti pre-college matHen^atics is a necessary prerequisite to the. parsuit of science 
related fje\ds at the university or college level^^In fact,* the pre-college science 
major includes more courses in mathematics than in any ot\er siifgle science field. 
Thus, a look at enrollment patterns in mathejnatics : courses of underrepresented^ 
groups' at the high school letfel i^ a natural first step in explicating ^their 
representation in science fields at the professional level*. It is at this jj^int 
of the education continuum that most studies on'women in .mathematics related fields 
have focused their attention.' The results are, far from uniform in pinpointing the 
most determining variables influencing the entailment of women in mathematics ^courses 

The studies collectively indicate that there are internal variab^s {also called 
affective variables which include such things as attitudes, beliefs and the like) 
and external variables (which include curriculum, teachers', counselors, parents, 
and^peers) affecting the student's selection of mathematics or science majors in 
high school. It is commonly agreed that changes in the external variables induce 
changes in the internal variables but 'the extent to whi£h each of the external ' 
variables individually contributes to the observed changes has been difficult to 
determine* Consequently, it secerns reasonable to sJfgest that in order to increase • 
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% the possibilities of achieving the desired changes in the internal variables one must 

^ # operate simultaneously on all the external variables*outfined here, • 4 

Let us take a look at the related literature to illustrate better these points 

and we will intersperse Aoraments regarding activities that should be included in the 

sug^estet intervention program. > '* * ' 

Affectiv e Variables . x t 

— ; * 

* There is evidence suggesting that affective variables related to the enjoyment 
of mathematics are critical in a^rse taking behavior apd achievement (Stroup, and . 

.Jasnoski, 1975; and Fuchs, Weissbrod and Yates, 1978). How|yer, enjoyment of 

•mathematics is not the only variable involved in course taking behavior and 

* * * 

achievement; it has been found that! parents 1 believs about their child's ability 

does^predict 1 the child's course taking behavior (Parson^^l980) . And, the 

availability of accelerated mathematics or science programs in high school has 

been shown to be jrelated to mathematics achievement. Improvements in mathematics 

achievement, however, does not necessarily result in more favorable attitudes toward 

mathematics (Bennett, 1976; Sullivan and §kanes, 1974). iOn the other hand, perceived 

' ' ' • > 

ufseful-ness of mathematics to futufe career plans or rewards has beep found to predict 

change in d^sires^to participate in mathematics related courses at ^he junior high 

school leve.l. In this vein^MacCorquodale (1980(a)) reports thit Chicanes tend to 

' 4 f . > 
expend more effort than other groups when school is seen as* linked^ to their future 

jobs^ However^, in many instances, current or past rewards aeem to'have more, 

influence' on academic course taking .behavior of students in general than anticipated 

or future rewards, i.e., concrete rewards are oftefitimes more influential than 

•abstract ones.' ' i . \ 

• Poss-ible ways of makipg abstract ' rewaafe seem more concrete are the role 
playing of anticipated or futtfre consequences, and engaging the student in "hands-on" 

* ' \ ' ' .' 

activities, (other ^otlnt ially effective ways are discussed in the section Peers below) 
, However!,' for these strategies to be tnore effective^ intervention strategies jl 
q impacting key agents, j.n the schooling process, such as teachers and counselor^ must 
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*be undertake^. • * 

^ . • t; / • ' 

Couhgelors^afld Teachers • ' • * 

Counselors and teachecs are # the school personnel witji whom students interact . 
mhst. frequently. Although counselors do have* an influence on students, it is 

r f " " 

widely recognized that teachears are frequently more influential dxfe to their mo-re 
, intensive contact with students. This is partially explained by the fact that in 
most schools counselors have a heavier student loid than teachers. 

■ i . / 

The career counselors, Rowever, remain an important source of career 



information f or ^okily students and they should* not be neglected by intervention v 

' \ • J' . 

programs. Ma^Corquodale (1980(a)) has documented -fcfie need for Chicano stiidents 

\ • •.('.' : 

wishing Co study science to be ^counseled about the necessity of taking more 
mathematics and science courses beyop^ the. minimum required for graduation. The 
career counselors can undoubtedly provide. this much needed information. Information *% 
'on employment opportunities in mathematics related fields can also be conveyed to • 
students via career .counselors. Above all, the«.yinvolvement of^ counselors iti 

mathematics and science intervention pro jects s mjjst be on a'sustained basis 

i ' ' . . * 

throughout the duration of the projects through periodic in-service wotkshops or . 

1 4 s. * . . /, J u ■ 

apcredited summer sessions. In addition to better carreer counseling, students 

also need better teaching. ' ^ — . * , • * 

One way in which i/iteryent ion programs can assist in improving the mathematics / 

and* science preparation of minority studenjts is by enhancing ^the academic skills. * 

and instructional approaches of teachers servicing "these students. Several- j 

potentially effici^t programmatic activities come to mind. One is to initiate ^ 4 

* * •* 

mathematics or science in-service workshops or courses which are integrated into 

the standard staff development programs rather than "add-ons" or elective. * Another 

alternative is for "these workshops or courses to last for an entire academic year. 

* : . 

The content of these in-service activities can xnclude statistics, computer science 
and technology, problem solving methods, the a use -of calculators in the classroom, 
teaching techniques, affording to mathematics and science teachers skills ^behaviors 
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conducive \o encouraging their students to explore different 'solutions t'^J problems 



'V 
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and the -histor^ of the development of mathematics and science. ^ 

The purpose for including topics in the history of mathematics "and science 
is to' enable teachers to inform students about the dynamic social and human elements 
that have contributed to the development of these disciplines t and thus remove the 

« : • . ^ 

?totion that mathematics, and science are static subjects. , 

# " 4 u 1 

T>e aim for .including problem solving methods, and encouraging students to 

* *' 1 ' 

explore different splutions to problems wofold. 0n£ is to get students to realize 

that the solutions to problems illustrated by teachers and tex£l&oks are not the only 

'possible ones, thereby promoting creativity n ' The other aim is to expos^ teachers to 

a variety of problem solving methods with the hope that they will, in turn, instruct* 

* \ t ' : ... 

students in this important intellectual skill feo necessary for scientific research. 

% « 

Sh alternative-*^ these year long workshops oV courses is to initiate* summer - 
s institutes essentially covering theNiame content areas outlined above. The Rummer 
institutes, however, wi Improbably have to run for several consecutive years, say 
three of four, involving the same teachers in or<^r to increase the chaijcas of 
achieving the desired results. One time shots will probably not be effective. * 



T 

Equally important, although more difficult to accomplish, is to promote 
* * 

positive teacher attitudes |nd practices towar<Lminority strtidepts. Jackson and 
^ Cosca ,(1974) found that teaciher^ significantly favor Anglos over Chicano pupils 
in teacher-student interactions such as* teacher praise, acceptance or use of 

1 

students' ideas, questioning, giving of positive feedback; non-criticizing teacher * 
talk, and student speaking. Laosa (1977J) fre^iewed the literature on teache^student 
classroom interaction and ,f ound that teachers are bias^' against ethnic minority 

students, students from lower S£S backgrounds, low achieving students, and students 

* * • 

who do not speak standard English. The possible short and long tertn negative 

Consequence* of such teacher behavior defy quantification, "and are undoubtedly 

counter productive to the advancement of Chicanes, American Indians, and blocks ' 
* r * . 

in science. The cooperation of iocal school, official^ is neede^in this ar£a. 
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The School Curriculum # ' . . ' ^ 1 • \ 

Recertt information concerning tffe shortage of trained scientists in the United 
States has compelled interested individuals to look at the „pre-college mathematics and 
science curriculum. It IvaS become evident that the prevalent curritula throughout 
the nati<Jji places tdo much/effphasis on ba£ic computational skills 'at "the expense of 



more complex skill's such a& reasoning and problem solving. Although it is difficult/ 
for intervention programs*^** institute structural changes leading to a more balanced 
mathematics and science curriculum*, it is quite possible for these programs to 
advocate curriculum reforms leading to th^inclusion of more problem solving 
activities and the creat{pn of advanced parses in these subject areas." 1 



x "This modest goal can be .facilitated through the involvement of public s&hoo]^ 

teachers and university mathematics and science professors in designing and developing 

supplementary .curriculum materials. These materials can bemused for enrichment 

activities in conjunction witl\ the regular curriculum. It is more desirable, of % > * 

/ % % 

# c^uf^e, to ^integrate these materials intfc the regular school curriculum, j 

\_ f . . % ■ '1 

In short, the pre-college mathematics and science curriculdnf needs to include* ^ 

more problem solving activities, and more advanced or accelerated Curses. Intervention 

programs for minority students Can play the dual role of advocates and facilitators of 

curriculum reforms stimulating tfte improvement of the mathematics and science 



educatiotjalNft^perience of the target populations., 

'Intervention programs can also pl^y a role in contributing toward the systematic 
identification and education of minority giftkd students.,. This particular-student 
population is presently being neglected by the schools and by programs for the 
gifted which focus their attention on vhite students. Curriculum materials and 



source . 



curriculum* programs are badly needed forthis/valuable national human re 

* • \ ( ' s 

Parents . , N ■ * 

Parents can pl$y an important role in students' career decisions and their 
inclusion i n intervention programs is of utmost ylportance. Studies have shown that 
patents can be scf „ influential on their children's choices that a me*e belief on the 
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children's ability can predict coufse fakifig behavior (Parsons , .1980) . With respect J 
• to attitudes; Armstrong (1079) feund that 4 pafrental attitudes toward mathematics and 
science are potent factors in their chiWVen's* participation ia mathematics or sciehce * 
related activitie^. . • m " * \ 

- * ... / u ^ ~ . ^ 

v It is quite Possible that the impact o^ pare^sd* belief f and attitudes on 

children can be augmented yKen parents are ima position to provide factual' information 

' ' ■ ' ) \ 

regarding ^:our$e requirements for, and oppo*tunitieV in, science careers, Qiicano 

» t ' * " V / * f 

parents '^1 particular lack* this kincj of information (MacCorquodale 1980(a))' and thus' 

r . ■ • \ : * ' % - ■ • 

^ aggravating the, condition of relative disadvantage of their childretu Mathematics 
* 4 

• and science intervention programs can easily alleviate this situation by providing' 

. * * t 

% • 

the indicated information and incorporating the parents in program activities. For 

instance, parents cah be included in field trips to- local scientific laboratories aftdj ' 

industry accompanying teachers and students, and evening programs for parents could 

-oe organized. . r . ~ 

It is also possible that through parents involvement in intervention prc/gramff ^ 

the local schools, local industry and the loc^L community tan be more predisposed to 

support the program.- Stallilgs (1980) reports that tfie highest ^ 

etftollment in mathematics courses occurred in a minority urban school with active" 

community and business suprport. P*J|"ent and community support can al^o b£ instrumental 

in achieving institutionalization of % curriculum reforms and intervention progf^ns in 

/the local schQols and thereby increasing the potential impact of programs. 

> 

Empirical investigations reveal that when parents are approached *about Science 
♦ I i V 

* . \ : * 

and vmajthema tics career information for short periods of time the impact on their 



participate and . 



vma^un 
lHren 



ch\lnren is minimal. » Thus implying that long sustained efforts with parents can be 

* 7 ... : ■■ 



1l n # 4 

more fruitful. 



Peers 

t ~ i - . - • • 0 • - ' ^ • . 

. There are many* instances when the advise and^inf lqence of parents, teachets and 

counselors haverfo compete with the influences of a student's peer group. Peers 



appear to be of ^gre^t influence in course taking .behavior of .white womfcn and it is 

ERIC • j ■ 



plausible that this is also the case with minority students. This possibility 
accentuates the need fbr ^science, intervention programs to^include activities involving 
» in-and-out-of-sfchool peer groups. Activities informing and educating the stiidept arid 
his pe^rb'ab^ut the importance 6f. technology and science in'the everyday world, and 
the academic requirements necessary to pursue mathematics' related careers are * 
* essential . - ' 

'* • '' ^ ' 

^ ..... i . • * ' 

Theje objectives can be achieved by mfeans af films, conferences, speakers, 



summer and year long internships for high school and college undergraduates in local 
indus^ies, f^eld trips to scientific and industrial. work ^places,* curricula and 
extfaj curricula offerings, local and regional, student science fairs and cotfipetitions , 
hands-on experiences, group projects, and student science and math clubs. 'The . 
- likelihood, of attairAng the desired-impactr of these activities is^increased whefi 

undertaken on a* long sustained basis, and maximized' if they are institutionalized. 

* , \ + ' * 

It has been the experience- of educatipnaL -reform programs in other cquntriesr 

# a* * , # * 

" * ■ # - ' , 

that their impact is increased when they are accompanied by social and economic' 

$ * 
reforms. Tfie prospect of good paying jobs for those minority stents who pursue 

V . - s v ' • " > 

^ mathematics and science related professions fan partiall^fulf ill this role. ^Tfte 

prospect of good paying jobs as a reward is a bit abstract*, T>ut; summer and*year-long 

. internships in local industries can assist in making the rewards seem more concrete. 

Another way of making abstract rewards seem' more concrete for sotne students is 

• . • ■ ; <v ' • 

to involve them as peer-tut6rs on a pal.d jbasis'.. This could accomplish at least two 

* ** • 

additional things: the .peer-tutors will have a chance to teach others what they 

*/.-■..- . . • , 

know, and their motivation for continuing to> study mathematics and science might 

N 

increase. . / . • ' 

* . * • 

* Discussion t ^ - 

In the previous page's, we discussed the internal (affective) and external 
^ (teachers, counselors, curriculum, parent^, fend peers) variables which have been 
identified as important in mathematics intervention programs affecting the 
participation of white womeii,in careers which u^pe mathematics.. It was assumed irhaf^ ' 
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.these.^e Variables are "also important for similar .program with minorities .jThe. ' 

varioua program activities mentioned are oAy suggestions because the specific > 
' in ple»entation strategies have to vatv according to th^articular group being > 

targeted and the locai o"r "regional Vio-economic circumstances. - . - „ V 

■ ' P n the whole, the internal variables^ are more elusive than the- external ones 

- • " hnJfor is that by" operating on the latter , positive changes 

and the best anyone, can hope for is cnat oy u F 6 

„in occur in Che f,«r, The next step in such a process is to identify clearly . ■ 
' which external variables) is (are) -ore Important in inducing positive attitudes. 
' .Not atrea./tasx. This role is 'best. fulfihed hy an evaluation component incorporated. 

in the intervention program. • • # , s 

. rte fact that no tJ.local' or regional comities are alihe, du« to-thair own 

' particular Lio^mic and politic, dynamics, max.. 40 virtually i«PO..ibl. to 
: , u peri»poi .imilar preconceived experimental de.igna on .several canities. The 
wal' or/regional dynamic, determine the Und of intervention-activities that can be 
effectived, it i.'~f recently the case ^hat «*en changes in the internal > • 

mttiinimm toward the biomedical sciences change 
variables are observed, e.g., attitudes towara t V> 

' po.itiv.iy. Che cause, meaning or consciences of <he changes are- oftentimes ««. 
or unclear. Constantly, ■ rigorous evaluation procedures are necessary to identtfy 
successful activities and their'respective imple*entatVon procedures. • 

sThe'taSK to trace the cause of changes in. the internal variables in a- complex „ 
human environment, such as the one auggested by the external variables above, _ 

• emphases the need for sound .evaluation procedure, whic, include ,u.lit.tive. and 
,„a»tit.tlve technics-' The eventual^al i. to ascertain systematically t»bse . 

, activities, implementation.strategies. and,, theiyorreaponding degree of .access, 
"' ' t h.t\'.n or cannot be replicated in different co-uniti... To 'put it differently, 

tb e end result of theorem Valuation .hould be to indicate the what, the how, f 
,„d thi patterns^ .ucce,. of the various intervention program activities 
'4 ' The list of references at .the end of at. article, include. de.cripHons -of y 

♦ J We-tic »d,.cienc. intervention programmer Wn that might be useful . in 
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designing similar efforts' for xniaorities. 



Summary » , m ^ ' ^ 0 J 

^ * » 

The literature on* women* in mathematics re^ate^ careers indicates tjiat it is 

easier to affefct the external .variables* (curriculum, teachers, counselors, parents, 



/ 



* arid peers) .than to affect the i&teriflrf variables (attitudes) when 'the goal is to* 



-j increase student pHr-tic ipation<in mathematics related fields. It' also evident 
that 'intervention programs, d*sfgned to*affect the external variables ar£ raora^ , : s ; 



effective* when fehey are sustain 

41 - il 




' = and all Qf ^the external variabfe^^re operated on simultape©SH^i"eXgi!^p^ V^hools, 



the local or rejgion^l community, and loe#l and regional industries mus^.^f^rk 
coopefatively in the task to increase the reptesentatiot^of minorities' in 



erice 



related crareiers.. 



si 



* * 

The central goals of any mathematics and science /intervention' program should 



be the development of strong basic skills, probleri solving abiiTties ap^ approaches 

A . . .... 



irf thfe target minority population in' order to equip *3nch individuals with the 



^fundamentals for scientific research. *' * . /JV 

Jt was also pointed ou^ that a rigorous progr^ifi evaluation % or research 

• - , # .* . - ' * \ ' 

component is necessary in intervention programs so that effective- and replicable 
activities and implementation strategies can'be, identified* . 



erJc , 
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